Studies of reactions of aryl acid chlorides with substituted benzenes in the presence of iron pentacarbonyl. by Lee, Kim-sze. & Chinese University of Hong Kong Graduate School. Division of Chemistry.
STUDIES OF REACTIONSOF . : ARYL ACID CHLORIDESWITH
SUBSTITUTED BENZENES IN THE PRESENCE OF IRON PENTACARBONYL
LEE K im - S ze ( 李 剑 诗 ）
A thesis submitted in partial fulfillment of the
requirementsfor the degree of
M aster of P hilosophy
at
T he C hineseU niversityof H ong K ong




My warmest thanks are due to Dr. SOW. Tani for his guidance and
invaluable advice throughout the course of this research and
preparation of the thesis.








The reactions of aryl acid chlorides with substituted
benzenes in the presence of iron pentacarbonyl have been investigated.
Catalytic reactions of aryl acid chlorides with m-xylene afforded
triarylmethanes and tetraarylethanes. When aryl acid chlorides were
heated with anisole in the presence of iron pentacarbonyl, benzo-
phenone derivatives, triarylmethanes and tetraarylethylenes were
obtained. In the case of halobenzenes, cis and trans-d, l'-stilbene-
diol dibenzoates were the only products; no solvent incorporation
was found in these cases. Mechanistic study showed that acyl radical,
benzaldehyde and diarylmethanol derivatives might be involved in the
reactions with m-xylene, while Friedel-Crafts type reactions, in
competition with radical reactions, were suggested for the cases














The catalytic property of iron carbonyl has proved to be
remarkably valuable in Organic Chemistry. The past few years
witnessed an increased awareness of the importance of iron penta-
carbonyl in the reactions of isomerization, dehydration,
deoxygenation and desulphurization.112 In fact, many new types of
reactions catalyzed by iron pentacarbonyl are still under close
examination and it is expected that these new reactions will play
an important role in Organic Synthetic Chemistry in the near future.
In 1969, Filatov and Englin3 studied the reaction of iron
pentacarbonyl with acid halides under quite drastic conditions. On
treatment with iron pentacarbonyl at 1800 in a sealed tube, acetyl
chloride gave biacetyl in 86o5o yield. An acyl radical intermediate
has been proposed, but a mechanism involving initial iron insertion
into the C-Cl bond of the acid chloride appeared equally probable.
Similar product was also obtained in the reaction of acetyl chloride
with nickel tetracarbonyl.4
Alper and Edward5 reported the iron carbonyl catalyzed reaction
of acid halides with alkyl ethers. Butyl ether was cleaved by
octanoyll. benzoyl and p-methoxybenzoyl chlorides in the presence of
an equimolar amount of iron pentacarbonyl to give the corresponding
butyl ester. In a similar fashion, benzoyl chloride and p-methoxy-
benzoy1 chloride reacted with tetrahydrofuran to (rive the
corresponding chloroesters. The metal carbonyl here may function as
a Lewis acid catalyst: like titanium, stannic and zinc chlorides.
However, the: reaction mechanism has not been studied yet.
Ref lux
Flood, however, obtained different results from the reaction
of octanoyl chloride with diiron enneacarbonyl in diethyl ether.
When the reaction was worked up with trifluoroacetic acid, a small
amount of an aldehyde was obtained. If the reaction mixture was
concurrently treated with trifluoroacetic acid, aldehyde was obtained
in 20f yield. Significant amount of di-n-heptyl ketone was formed in
both cases.
2.2 eq. CF3COOH











3The reactions of o(-mono-substituted acetyl chlorides with
diiron enneacarbonyl in diethyl ether gave symmetrical ketones in
fair-to-good yields. The reaction conditions were tolerant of other
functional groups, such as the ester group in CH3CO2(CH2)3COC1 and
the ether group in p-McOC6H4--CH2OOC1. The scope of this reaction
was limited to a-mono-substituted acetyl chlorides and to mono acid
chlorides.
It can be summarized that different results were observed when
acyl chloride was treated with iron pentacarbonyl with or without
solvent. In the absence of a solvent, iron pentacarbonyl may initiate
acyl radicals, while in n-butylether iron pentacarbonyl may function
as a Lewis acid and facilitate the Friedel-Crafts type reactions.
In this research, the effects of iron pentacarbonyl in the
reactions of aryl acid chlorides with aromatic solvents have been
investigated. It has been observed that when iron pentacarbonyl
functioned as a Lewis acid, Friedel-Crafts type reactions pre-dominated
and when iron pentacarbonyl initiated radical reactions, hydrogen
abstraction from solvents occurred.
Experimental results showed that triarylmethanes and tetra-
arylethanes were formed from the reactions of benzoyl chloride or
p-bromo, p-methyl and p-methoxy benzoyl chlorides with m-xylene.
Triarylmethanes, tetraarylethylenes and benzophenones were isolated
from the reactions of substituted benzoyl chlorides with anisole.
However, cis and trans- c/'stilbenediol dibenzoates were the only
products from the catalytic reactions of benzoyl chloride in halo-
benzenes.
IIISTORICAL REVIEW
1, Metal carbonyl catalyzed Friedel-Crafts type reaction
Farona and co-workers7-11 used arene -Mo(CO)3 as catalyse to
enhance Friedel-Crafts type reactions, such as alkylation, acylation,
polymerization, sulphonation and dehydrohalogenation. In case of
aromatic substrates, the catalyst was generated in situ from
molybdenum hexacaraonyl, while for reactions of non-aromatic compounds
the catalyst was prepared outside the reaction vessel. In reactions
with aromatic compounds, the catalysts were selective and generally
gave para substituted compounds as the major products. Experimental
results provided evidence that the type of reaction promoted by
arene-Mo(CO)3 with organic halides was ionic rather than radical in
nature.
Seyf erth12-14 and Dolby15 investigated the Friedel-Crafts typE
reactions involving cobalt carbonyl complexes. The reaction of
RC6H4CCo3(CO)9 with acetyl chloride and aluminum trichloride in
dichloromethane gave in each case para-acetylated cluster complex,,
Similar reaction was observed with benzoyl chloride. The yields of






substituent than for those with deactivating chlorine substituent,
and also the yields of products with acetyl chloride were higher than
those with benzoyl chloride.
Friedel-Crafts acylation reaction of diphenylacetylene could
not be accomplished directly, but the acetylation of (PhC=CPh.)Co2(CO)d
was successful. p Acetyldiarylacetylene was released by reaction
with ceric ammonium nitrate in aqueous acetone.
Eckel reported the first sutitution reaction of diene
iron tricarbonyl complexes. The acylation of butadiene-Fe(CO)3 gave anti
and synl-acetyl derivatives. Electrophilic attack at internal carbon
would not be expected to compete with attack at the terminal carbon.
Graf and Lillyal` also studied the acylation of aiene iron
tricarbonyl complexes. Treatment of diene iron tricarbonyl complexes
with acetyl chloride and aluminum trichloride in dichloromethane at
00 gave dienone complexes in high yield. Substitution occurred only
at unsubstituted terminal carbons of the diene unit.
Acylation of trans,trans_hexa-2,4-diene iron tricarbonyl was
stereospecific. The X-ray structural analysis showed that trans,trans-
hexa_2,4-diene iron tricarbonyl complex underwent endo attack under
18
Fri ede l-Crafts conditions.
Acylation of cyclohexadiene iron tricarbonyl complex has also
been reported.19 Cyclohexadiene iron tricarbonyl complex reacted
with acetyl chloride and aluminum trichloride in dichloromethane



















82. Synthetic routes to triarylmetlianes, tetraarylethanes and
tetraarylethylenes
An one-step reaction giving the diarylphenylmethane was studied
by Samsonova and Malysheva20 in 1962. Benzaldehyde reacted with
toluene in the presence of activated aluminum silicate to give
4, 4' -dimethyltriphenylmethane in 261'o yield and 2, 4' --dimethyl-




Weiss and Reiche1 1 synthesized 2,21-dimethyltriphenylmethane
using Grignard reagent in high yield.
A procedure for oxidizing a variety of diarylmethanesto the
corresponding tetraarylethanes has been reported in 1963 by Pratt
and Suskind.22 However, in the reactions of 4-methyldiphenylmethane










Lapkin and co-workers23 studied the reactions of barium with
alkyl iodides in 1972. When barium shaving was shaken with 1 eq. of
alkyl iodide in ether or tetrahydrofuran with or without an added
initiator (mercuric iodide or magnesium) the reaction gave alkyl
barium iodide in 20-30% yield many other Wurtz or Fittig type
reactions also occurred. If the reaction of diarylmethyl iodide was
run with excess barium, the Wurtz-Fittig reaction predominated.
excess Ba
Hubacher reported a route to synthesize 4,4'-dimethoxy-
triphenylmethane the reaction of conco sulphuric acid, phenyl-
glyoxylic acid, phenol and acetic acid at room temp. gave 4,4'-
dihydroxytriphenyl acetic acid which upon esterification yielded
4,41-dimethoxytriphenylacetate. Basic hydrolysis of 4,4'-dimethoxy-
triphenylacetate gave the corresponding acid. Decarboxylation of the
acid using copper and quinoline yielded 4,4'-dimethoxytriphenylmethane.
4,41-Dimethoxytriphenylmethane has also prepared by Arbuzov














Bucl:lesconverteci p-rsethosybenzopllenorie to the gem-dichloride
with PCl5 and then a reductive coupling with copper powder gave
1,.2-diplienyl-l, 2-(4--methoxyphenyl) ethylene.
Tctrakis-p-mcthoxylethylene has been prepared by Uoitey
wlieii (em-clihallde was treated with iron pentacarbonyl in benzene, the
corresponding ethylene was obtained.
This compound is thermochroliiic it reel ted to a deep green melt and











1. Reactions of aryl acid chlorides with m-xylene in the presence
of iron pentacarbonyl
l.a. Reaction of benzoyl chloride
Reaction of benzoyl chloride with m-xylene in the presence of
iron pentacarbonyl gave three products. The it spectrum of compound(1)
showed absorptions at 1600 cm-1, 1400 cm-1 and 1450 cm-1, but
revealed no carbonyl absorption. The nmr spectrum (Fig.1) showed
eleven aromatic protons (S=6.65, twelve aliphatic protons, as two
singlets of equal intensities (S=2.05 2.20 and one proton
absorbing at S =5.54, in the form of sharp singlet. The one-
proton sharp singlet is very similar to the methine proton
absorption of triphenylmethane (S=5.58) hence a triarylmethane
structure was assigned for compound(l). This structure was also
supported by mass spectral data and elemental microanalysis. The
methyl positions of the m-xylene moiety in compound(l) were




In the mass spectruun, prominent ions appeared at We 195, and
223 with intensities comparable to the molecular ion at We 300.
These ions might be derived from the following fragmentations:
The other two compounds (2) and (3) were very much alike.
They showed no difference in TLC but could be separated by high
pressure liquid chromatography. Isomeric structures were proposed,
as the mass spectra of these compounds were nearly identical, with
only very minor differences in peak intensities.
The nmr spectra of these compounds (Fig.2 3) showed aliphatic
proton absorptions at .=4.60(2H) for compound(2) and S =4.72(2H) for
compound(3), which are in similar region as the methylene protons
in diphenylmethane. Together with the information from their mass
spectra, 1, 1, 2, 2-tetraarylethane structures were assigned for
compounds (2) and (3). In their mass spectra, the molecular ion in
each case appeared at We 390 and-the base peak appeared at m/e 195
which might have resulted from the favourable cleavage of the central
C-C single bond, producing the stable carbonium ion. A peak at /e












Although there were two different methyl proton absorptions
for compound(2) at b=2.00(6H) and 8=2.15(6H), only one singlet at
6=2.15(12H) was observed for compound(3). In view of the striking
similarities between these two compounds and also the fact that two
stereoisomers of tetraarylethane were isolated from a similar
reaction with p-xylene, stereoisomers were proposed for compounds
(2) and (3).
meso formracemic form
isomeric structures of compound(2) and compound(3)
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l.b. Reactions of other p-substituted benzoyl chlorides
Similar products were observed in the reactions of p-methyl,
p-methoxy and p-bromo benzoyl chlorides with m-xylene in the
presence of iron pentacarbonyl under the same conditions and the
percentage yields of products are summarized in table 1.
Table 1.







Reaction of p-methoxybenzoyl chloride in m-xylene gave no
4-methoxyphenyl-di-(2,4-xylyl)methane as product. It is possible
that the strong electron donating property of the methoxy group ir,
aryl acid chloride prevented the electrophilic attack by m-xylene.
Indeed, the yields increased with the increasing electronegativit3
of the p-substituent of benzoyl chloride.
The stereoisomers of 1,2-di-(4-methoxyphenyl)-l,2-di-(2,4-
xylyl)ethane could be separated by column chromatography, and the
stereoisomers of 1,2_diphenyl-l,2-di-(2,T-xylyl)ethane were-
separated by high pressure liquid chromatography. However, the
separation of stereoisomers of l,2-di-(4-methylphenyl)-l,2-di-
(2,4-xylyl)ethane and 1,2-di-(4-bromophenyl)-1,2-di-(2,4-xylyl)-
ethane was not achieved.
All the reaction products listed in the above table are new
compounds their nmr spectra are given in the list of spectra.
1. c. Reactions of benzoyl chloride with other aromatic solvents
Similar products were observed in the catalyzed reactions of
benzoyl chloride with o-xylene, p-xylene and mesitylene in the
presence of iron pentacarbonyl.
The reaction with mesitylene gave tetraarylethanes as the
only products. Formation of triarylmethane was not favoured probably
because of steric hindrance. For the reactions with o-xylene and
p-xvlene, triarylmethane and tetraarylethane derivatives were.
16
detected, but in a lower yield as compared with the reaction with
m-xylene. Reaction with benzene was unsuccessful. It might be due to
the low boiling point and low reactivity of benzene.
Table 2.







Separation of stereoisomers of tetraarylethanes in the reactions
with p-xylene, o-xylene and mesitylene was proved to be unsuccessful.
I.d. Reactions of alkyl acid chlorides with m-xylene
Phenylacetyl chloride reacted with m-xylene in the presence
of iron pentacarbonyl to give trace amount of benzyl-di-(2,4-xylyl)-
methane. However, no iron pentacarbonyl catalyzed reaction of
n-hexanoyl chloride with m-xylene has been detected. It appeared
that an aryl group in the acid chloride was prominent factor in
these reactions.
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2. Reactions of aryl acid chlorides with anisole in the presence of
iron pentacarbonyl
Benzophenone and its derivatives were the major products in
the reactions of benzoyl chloride or p-methoxy, p-methyl, p-bromo
and p-nitro benzoyl chlorides with anisole in the presence of iron
pentacarbonyl. Triarylmethane derivatives were also obtained from
the reactions of benzoyl chloride or p-methylbenzoyl chloride. In-
stead of tetraarylethane derivatives from reactions with m-xylene,
tetrarylethylenes were obtained this might be due to elimination
of a hydrogen molecule from the corresponding tetraarylethanes.
Results of these reactions are summarized in the following table.
Table 3.







Reduction of aromatic nitro groups might account for the
low yield of benzophenone derivative from the reaction of nitro-




(4-methoxyphenyl) ethylene are new compounds whilc the 4,4' -dimethoxy-
triphenylmethanc, tetraldis-p-methoxyphenylethylene and 1,2-diphenyl-
1, 2-di-(4-methoxyphenyl) ethylene are known compounds. The attempt





3. Reactions of benzoyl chloride with halobenzenes in the presence
of iron pentacarbonvl
Reaction of benzoyl chloride with bromobenzene in the presence
of iron peritacarbonyl afforded two isomeric products, compounds (4)
and (5). The molecular weights were both 420, and elemental micro-
analysis gave a formula as C28H2004. When one mole of compound(4)
was hydrolyzed under basic condition, two moles of benzoic acid and
one mole of benzoin were obtained. The physical data are summarized









235 ((-=39500) 232 (E=46000)














Because of the similarities in spectroscopic data and tlleir
melting points were close to those reported, 29 the structures of
trans and cis stilbenediol dibenzoates were proposed for










It is interesting, to note that the trans isomer was obtained
as the major product and bromobenzene was not involved in the
reaction. The same products were also isolated in the reactions of
benzoyl chloride in iodobenzene or in chlorobenzene in the presence
of iron pentacarbonyl but the yield in chlorobenzene was unexpectedly
low.
Table 5.






Attempts to isolate or detect the reaction intermediates were
unsuccessful in the reactions of aryl acid chlorides with substituted
benzenes in the presence of iron pentacarbonyl. The possible
mechanism was postulated after literature survey and justified by
experimental results.
4.a. Formation of benzophenone derivatives
It is believed that the benzophenone derivatives were formed
by Friedel-Crafts reactions. As mentioned in the Historical Review,
iron pentacarbonyl might function as a Lewis acid and accelerate. the
acylation. This is also supported by the fact that the benzophenone
derivatives were observed in reactions when the substituted benzene
was a very good nucleophile.
4.b. Formation of triarylmethanes, tetraarylethanes and tetraaryl
ethvlenes
Three possible mechanisms are postulated after literature
survey. These are reaction pathways involving benzophenone derivatives,
or triarylmethanols, or benzaldehyde derivatives as intermediates.
(i) Via benzophenone derivatives
Despite the fact that benzophenone derivatives were isolated
in some of the reactions, a mechanism involving benzophenones as
intermediates is unlikely. Contrarily, the formation of benzo-
nhenone 'derivatives is expected to be a competitive reaction with the
24
catalytic reduction of aryl acid chlorides. It was shown that the
increase in nucleophilicity of the substituted benzene accelerated
the Friedel-Crafts reaction but suppressed the formation of triaryl-
methanes and tetraarylethanes. Furthermore, in a control experiment,
benzophenone did not react with m-xylene in the presence of iron

















The reduction involving hydroxy group in the presence of iron
pentacarbonyl was reported3U in 1975. Oximes, when treated with
iron pentacarbonyl in dry tetrahydrofuran, underwent reductive fission





In mechanistic studies, triphenylmethanol was successfully
reduced to triphenylmethane by heating it with benzoyl chloride in





This reaction, although it reveais a possible route to triarylmethanes,
26
does not seem very likely for the fdllowing reasons:
a. How would the triarylmethanols be formed in the first place? The
most probable route would go through a benzophenone intermediate
which has been discarded in the above paragraph.
b. This only explains the formation of triarylmethanes but analogous
conversion to the tetraarylethanes would require the corresponding
pinacols as intermediates.
(iii) Via benzaldehyde derivatives
a. Formation of triarylmethanes
Iron pentacarbonyl was decomposed when heated with benzaldehyde
in m-xylene. However, by adding. benzaldehyde to the reaction
mixture of benzoyl chloride and iron pentacarbonyl in m-xylene,
the yields of products were increased two-fold. In order to
investigate whether the reaction products were derived from the
benzaldehyde, p-bromobenzoyl chloride was used instead of benzoyl
chloride in one reaction, and p-'chlorobenzaldehyde was chosen in
place of benzaldehyde in another reaction. Experimental results
showed that no bromine incorporation was observed in the former
reaction, while chlorinated products were isolated from the latter
reaction. This favours the mechanism that triarylmethanes and
tetraarylethanes were formed via the benzaldehyde intermediates.
27
CHO
Fe(CO)5 No observable product,
















Surprisingly, further studies showed that benzaldehyde did
react with m-xylene even in the absence of iron pentacarbonyl.
Triarylmethane was obtained as the sole product in good yield when
benzaldehyde was treated with m-xylene in the presence of benzoyl
chloride or with one equivalent of benzoic acid. It might be
concluded that triarylmethanes were formed via the benzaldehyde
intermediates which underwent further Friedel-Crafts reactions in






















A. similar reaction was done by banchez-Viesca. benzaiaenyue
was converted into a triphenylmethane derivative by reacting with









b. Formation of tetraarylethanes
The mechanism involving benzaldehyde intermediates is also
proposed for the formation of tetraarylethanes. Addition of
benzaldehyde to the reaction mixture of benzoyl chloride and iron
pentacarbonyl in m-xylene caused a two-fold increase in the yields
of tetraarylethanes and triarylmethanes (refer to previous section).
The presence of iron pentacarbonyl and benzoyl chloride were

















In order to identify the reaction mode, the proposed inter-
mediate, diphenylmethanol, was synthesized. When diphenylmethanol
was heated with m-xylene in the presence of iron pentacarbonyl and
benzoyl chloride, both tetraarylethane and triarylmethane were
obtained. The iron carbonyl and benzoyl chloride must be present









1.3 mole Fe(CO)51 mole
-c-
m-xylene







These reactions suggested that the tetraarylethanes were formed
via the benzaldehyde and diarylmethanol intermediates.
30
31
c. Formation of tetraarylethylenes
Detail study on the formation of tetraarylethylenes has not








4.c. Formation ofd, d' --stilbenediol dibenzoates
(i) Halobenzene incorporation
In 1968, Rhee and co-workers reported 32 that iodobenzene
reacted with Fe3(CO)12 in toluene to give benzophenone in 20%
yield. AG--complex of iron carbonyl and iodobenzene was assumed






In the reaction of aryl acid chloride with halobenzene in the
presence of iron pentacarbonyl, the possibility of a 6--complex of
iron carbonyl and halobenzene was ruled out. 4-Benzoyl chloride-dl
which was prepared according to-the scheme as shown below, was used
instead of benzoyl chloride in the reaction. Experimental results
showed that four deuterium atoms were present in the of ,c' -stilbene-
diol dibenzoates, indicating that solvent molecules were not
involved in the reaction. However, the influence of solvent cannot
32
be ignored because the reaction in petroleum ether Ib.p. 145-155)













(ii) Benzil as intermediate
As mentioned in the Historical Review, it has been reported
that acetyl chloride reacted with iron carbonyl to give biacetyl.
Similarly, benzil was postulated as an intermediate in the reaction
of aryl acid chloride with halobenzene in the presence of iron
pentacarbonyl. This postulation was justified by the fact that
benzil reacted with benzoyl chloride in m-xylene in the presence of












Schematic Chart for the Reaction of Aryl Acia unlorloe s. lvitiii
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The most probable pathways for the formation of triarylmetnanes,
tetraarylethanes, tetraarylethylenes and stilbenediol dibenzoates
are summarized in the Schematic Chart. The yields of products under
different conditions might be explained as follow:
1. In Xylenes
Xylenes are very good hydrogen source for the reduction of
aryl acid chlorides to give benzaldehyde intermediates. Therefore,
triarylmethanes and tetraarylethanes were predominant in these
reactions. The influence of iron pentacarbonyl ratio (iron penta-
carbonyl: aryl acid chloride) and the effects of substituents in
benzoyl chlorides were not very significant. However, the ratio of
iron pentacarbonyl to acid chloride should not be less than one
because iron pentacarbonyl was directly involved in the reactions.
It should also be noted that the nitro group in nitrobenzoyl chloride
facilitated the formation of benzophenone derivative but suppressed
the reductive reactions this might be due to the rupture of iron
pentacarbonyl when nitro compound was present.
Table 6.
Effects of Iron Pentacarbonyl Ratio Fe(CO)5:Ph0001 and
Substituents in Benzoyl Chlorides in m-xylene












* Benzophenone derivative was the only product.
2. In Anisole
Anisole is a good nucleophile but a poor hydrogen donor.
Radical reductive reaction leading to the benzaldehyde intermediate
was not favoured. Therefore, the competitive Friedel-Crafts reaction
predominated and the bienzophenone derivatives were the major










Effects of Iron Pentacarbonyl Ratio Fe(CO)5 :Ph000 1 and














The influence of iron pentacarbonyl ratio and the effects of
substituents were not significant as was explained in xylenes.
Again, the yield for the reaction of p-nitrobenzoyl chloride was
very low although electron withdrawing groups in benzoyl chloride
usually accelerate Friedel-Crafts reactions.
In view of the fact.that significantly improved yields of







benzaldehyde were added to benzoyl chloride in reactions with
anisole in the presence of iron pentacarbonyl, the conversion of
aryl acid chloride to the benzaldehyde intermediate was believed
to be the rate determining step. The radical reductive reaction was
















Halobenzenes are comparatively inactive either as nucleophiles
or as hydrogen donors. The benzoyl radicals, which was initiated by
the metal carbonyl, had the chance to couple together and gave the
benzil intermediate. Hence (-stilbenediol dibenzoates were isolated
as the only products.
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EXPERIMEN TAL
Microanalysis were performed by the Australian nlcroanaiy ui.c tl
Services, Melbourne University, Victoria, Australia. Infrared spectra
were recorded on a Beclmann IR-10 spectrophotometer and only
significant maxima are reported. Nuclear magnetic resonance were
measured on a JEOL 60-HL spectrometer (60 MHz) using tetrametllyl-
silane as the internal standard. Mass spectra were recorded on a
Hitachi RIMS-4 spectrometer. Melting points were determined with a
Kofler microheating stage and are reported uncorrected.
Materials
Iron pentacarbonyl (E. Merck) was used without further
purification. Benzoyl chloride, p-bromobenzoyl chloride and p-nitro-
benzoyl chloride were commercially available. p-Methyl and p-methoxy
benzoyl chlorides were prepared by treating p-methyl and p-methoxy
benzoic acids with thionyl chloride according to published
procedures in Organic Syntheses.
Procedures for drying solvents
1. Xylenes, mesitylene and anisole were dried with sodium metal.
2. HalobenzeneSwere dried by heating overnight with lithium
aluminum hydride under reflux before distillation and the
distillates were further dried with molecular sieve.
3- Aromatic impurities in octane and petroleum ether were first
removed by refluxing with conc. sulphuric acid for one day the
organic layer was then separated and washed several times with
water. The solvents were distilled over calcium chloride and
further dried with sodium metal.
Reaction of benzoyl chloride with m-xylene in the presence of iron
pentacarbonyl
Benzoyl chloride (5 g, 0.036 mol) and iron pentacarbonyl
(9.1 g, 0.046 mol) in m-xylene (60 ml) were heated under nitrogen
atmosphere in an oil bath at 1400 for two days. The mixture was
cooled to room temp. and filtered evaporation of the filtrate in
vacuo gave an oil which was dissolved in carbon tetrachloride (100
ml). The solution was washed with water (,.2 x 100 ml), sodium
hydroxide (10%, 2 x 100 ml) and water again (2 x 100 ml), and dried
over magnesium sulphate. Removal of the solvent and chromatograph
of the residue on a silica gel column, using hexane/benzene (4:1)
as the eluent, gave 2,2',4,4'-tetramethyltriphenylmethane
(compound 1) (1.7 g, 15.9%), m.p. 123-124° (Found: C, 92.09 H, 8.21.
C 23 H 24 requires C, 91:95 H, 8.05%) if max(KBr) 3060, 2960, 1490,
1450 cm 1 S(CC14) 6.30-7.16 (11H, m, Aril), 5.40 (1H, s, Ar3CH),
2.05 (6H, s, ArCH), 3 2.24 (6H, s, ArCH3) We 300 (M+), 285 ('M+-
CH3),223 (M -C6H5), 195 (M-C8H9), 91 (C7H7+), 77 (C6H5+). Further
elution afforded onlyfa mixture which was separated by hgih pressure
liquid chromatography (Column: proasil, solvent: n-hexane) to give
39
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two compounds in pure forms: 1, 2-dipheny-1, 2-di- 2, 4-xy yl) ettlanes
(compounds 2 & 3) compound 2 (0.6 g, 8.6%), m.p. 181-182° (Found:
C, 92.34 H, 7.70%. C30H30 requires C, 92.26 H, 7.74%) Vmax (KBr)
3050, 3000, 2930, 1495, 1450 cm 1 O (Cc l) 4 6.60-7.10 (16H, in, Aril),
4.58 (2H, s, Ar 2 CH)) 2.15 (12H, s, ArCH3) m/e 390 (11+), 285 (M+),
C 8 H 9), 195 (M+-C 15 H 15)) 91 (C 7 H 7+), 77 (C 6 H5+) compound 3 (0.56 g,
8.0%), m. p. 188-189° (Found: C, 92.14 H, 7.81%. C 30H30 requires C,
92.26 Hy 7.74%) r) 3020, 2930, 1495, 1450 cm-1 b(cci
6.68-7.16 (16H) M, ArH), 4.82 (2H, s, Ar2CH), 2.00 (6H, s, ArCH3)
We 390 (M+), 285 (M+-C H), 195 (M+-C H), 91 (C7H7+), 77 (C6H5+).
Reaction of benzoyl chloride with m-xylene in octane in the presence
of iron pentacarbonyl
Benzoyl chloride (5 g, 0.036 mol), m-xylene (3.3 g, 0.036
mol) and iron pentacarbonyl (9.1 g, 0.046 mol) in octane
(50 ml) were allowed to react and to work up in the same manner as-
that described above and gave compound:1 (0.3 g, 2.8%) and compounds..
2 & 3 (0.55 g, 7.9%).
Reaction of benzoyl chloride wi-tn p-xvlene in the presence of iron
pentacarbonyl
Benzoyl chloride (5 g, 0.036 mol) and iron pentacarbonyl (9oi
g, 0.046 mol) in p-xylene (60 ml) were allowed to react and to work
up in the same manner as that for m-xylene. Attempts to obtain
crystal form of 2,2',5,5'-tetramethyltriphenylmethane were unsuccessful.
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Mixture of stereoisomers of 1, 2-dipheny1-1, 2-di-(2,5-xylvl)ethane
was isolated (0.6 g, 8.6%), m.p. 155-180°Vmax (KB r) 3060, 2995,
2960, 1600, 1495, 1450 cm-1 b(CC1 4) 6070-7.00 (1611, m, Ari), 4.65
& 4.48 (211, 2s, Ar2CH), 2.00 & 2.15 (12H, 2s, ArCH3): m/e We 390 (M+),
285 (M+-C8H9), 195 (M+-C 15 H 15), 91 (C7H7+), 77 (C6H5+).
Reaction of benzoyl chloride with o-xylene in the presence of iron
pentacarbonyl
Benzoyl chloride (5 g, 0.036 mol) and iron pentacarbonyl (9.1
g, 0.046 mol) in o-xylene (60 ml) were allowed to react and to work
up as that for m-xylene and gave 3,3',4,4'-tetramethyltriphenyl-
methane (1.5 g,'14.1%), m. p o 70-720)) max (KBr) 3050, 3030, 3000,
2950, 1490, 1450 cm-1 5(CDC13) 6.62-7.25 (1111) m, ArH)2 5.30 (1H)
s, Ar 3 CH), 2.15 (12H, s, ArCH 3) We 300 (M+), 285 (M+-CH 3), 223
(m+-C 6 H 5), 195 (M+-C8H9), 91 (C7H7}), 77 (C6H5+) and 1, 2-diphenyl-
1', 2-di-(3, 4_xylyl) ethane (mixture of stereoisomers) (0.85 g, 12.2%))
m.p. 204-229° max (KBr) 3020, 3000, 2950, 1495, 1450 cm 1 b(C DC13)
6.70-7025 (16H) M, ArH), 4.55 (2H, s, Ar2CH), 2.05 (12H, s, ArCH3)
We 390 (M+),. 285 (M+-C 8 H 9), 195 (M+-C15H15), 91 (C7H7+), 77 (C6H5+).
Reaction of benzoyl chloride with mesitylene in the presence of iron
pentacarbonyl
Benzoyl chloride (5 g, 0.036 mol) and iron pentacarbonyl (9.1
g, 0.046 mol) in mesitylene (60 ml) were allowed to react and to
work up in the same manner as that for m-=-xylene and gave 1,2-di-
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phenyl-1,2-di-(2,4,6-mesityl)ethane (mixture.of stereoisomers) (0.5
g, 6.7%), m.p. 170-197° (Found: C, 91.78 H, 8.13%. Calc. for C321134
C) 91.81 H, 8-19%) jfmax (KBr) 3040, 2980, 2940, 1600, 1450 cm 1
5(cDci3) 6.50-6o98 (14H, m, ArH), 5.42 (2H, s, Ar2CH), 2.05, 2.16
2.25 (18H, 3s, ArCH3) a/e molecular ion could not be observed, 210
(M+-C 16H16), 209 (M+-.C 16H17), 194 (M+-C 17H20), 181 (M+--C 18H23).
Reaction of p-bromobenzoyl chloride with m-xylene in the presence
of iron pentacarbonyl
p-Bromobenzoyl chloride (5 g, 00023 mol) and iron pentacarbonyl
(5,8 g, 0.030 mol) in m-xylene (60 ml) were allowed to react and to
work up in the same manner as that for benzoyl chloride products
obtained: 4-bromophenyl-di-(2,4-xylyl)methane (1.58 g, 18.2%), m.p.
155-157° (Found: C, 72.93 H, 6.12%. C23H23Br requires C, 72.82 H,
6.11 Br, 21.06%) Vmax(KBr) 3065, 3010, 2990, 2950, 2900, 1485,
1450 cm-1 S (CC 14) 6.40-7.42 (10H, m, ArH), 5.8 (1H, s, Ar3CH), 2.05
(6H, s, ArCH), 3 2.24 (6H, s, ArCH3) We 380 (M++2), 378 (M+), 365
(M++2-CH 3), 363 (M+-CH 3), 299 (M+-Br), 273 (M+-C8H9), 223 (M+-C6H4Br).
Separation of the stereoisomers of the tetraarylethane was proved to be
unsuccessful the mixture of the stereoisomers of 1,2-di-(4-bromo-
hheny 1)-1, 2-di-(2, 4-xyl.yl) ethane (1.14 g, 18.2/do), m. p. 198-220°
(Found:. C, 65.65 H, 5.20%. C30H28Br2 requires C, 65.71 H, 5.15 Br,
29.14%) max (KBr) 3020, 2940, 1480, 1410 cm-1 b (CC1 4) 6.56-7.22
(14H, m, ArH), 4.55 4.76 (2H, 2s, Ar2CH), 2.00, 2.10 2.18 (12H,
3s, ArCH /e molecular ion could not be observed, 469 (M++4-Br),
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467 (M+-Br), 275 (M++4-C 15H14Br), 273 (M+-C 15H14Br), 194-,, (M+-
C15H14Br2).
Reaction of p-methylbenzoyl chloride with m-xylene in the presence
of iron pentacarbonyl
p-Methylbenzoyl chloride (5 g, 00032 mol) and iron penta-
carbonyl (8.2 g, 00042 mol) in m-xylene (60 ml) were allowed to
react and to work up in the same manner as that for benzoyl chloride
products obtained: 4-methylphenyl-di-(2,4-xylyl)methane (1.35 g,
13.3%), mop, 153-154° (Found: C, 91.56 H, 8.40%, C24H26 requires
C, 91067 H, 80330) max (10r) 3040, 3000, 2940, 2900, 1500, 1450
cm 1 S(CCl 4) 6040-6080 (10H, MI ArH), 5035 (1H, s, Ar3CH), 2.00
(6H, s, ArCH3), 2.20 (6H, s, ArCH3), 2025 (3H, s, ArCH3) We 314
(M+), 299 (M+-CH), 3 223 (M1+-C7H7), 209 (M+-C8H9), 91 (C7H7+) and
1, 2-di-(4-methyl-phenyl)-l, 2-di-(2,4-xylyl)ethane (0.95 g, 14.1%),
m.p. 150-183° (Found: C, 91084 H, 8.15%. C32H34 requires C, 91.81
H 8. 19%) (KBr) 3020, 2950, 1500, 1450 cm 1 S (CDC 1) 6.65-7.3C
(14H, m, ArH), 4.68 4.85 (2H, 2s-, Ar 2 CH)) 2 0 05, 2.15 2.20 (18H,
3s, ArCH) We 418 (M+), 209 (M+-C 16H17)
Reaction of p methoxybenzoyl' chloride with m-xvlene in the presence
of iron pentacarbonyl
p-Methoxybenzoyl chloride (5 g, 0.029 mol) and iron penta-
carbonyl (705 g, 0.038 mol) in m-xylene (60 ml) were allowed to
react and to work up .in the same manner as-that for benzoyl chloride
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column chromatography gave no triarylmethane as product, but two
stereoisomers of 1, 2-di-(4-methoxyphenyl)-1, 2-chi-(2, 4-,xy1y1) ethane:
high melting isomer (0.77 g, 5.8jo), m.po 210-212° (Found: C, 85.59
H) 7080%. C 32 H 34 0 2 requires C, 85029 H, 7.61 0, 7.10%) Umax (KBr)
3000, 1600, 1590, 1500, 1450 cm 1 (CDC13) 6032-7.20 (1411, m, ArH),
4.72 (2H, s, Ar 2 CH)) 3.54 (611) S, ArOCII3), 2.12 (611, s, ArCH3), 2.00
(611, s, ArCH) 3 We 450 (M+), 225 (Ii+-C16H 170) low melting isomer
(0.67-g, 5.1%), m.pa 201-204° (Found: C, 85.23 H, 7.56%. C32113402
requires C, 85.29 H, 7.61 0, 7.10%) 'max(KBr) 3010, 2930, 2860,
1585, 1490, 1450 cm 1 5(CC1 4) 6.25-6.90 (1411, m, ArH), 4.42 (211, s,
Ar CH), 2.10 (1211, s, ArCH3), 3.55 (6H, s, ArOCH3) /e 450 (M+),
225 (M+-ClRH170).
Reaction of phenylacetyl chloride with m-xylene in the presence of
iron pentacarbonyl
Phenylacetyl (5 g, 0.032 mol) and iron pentacarbonyl (8.2 g,
00042 mol) in m-xylene (60 ml) were allowed to react and to work up
in the same manner as that for benzoyl chloride only trace amount
of benzyl-di-(2,4-xylyl)methane could be detected.
Reaction of n-hexanoyl chloride with m-xylene in the presence of
iron pentacarbonyl
n-Hexanoyl chloride (5 g) 0.037 mol) and iron pentacarbonyl
(905 g, 0.048 mol) in m-xylene (60 ml) were allowed to react and
to work up in the same manner as that for benzoyl chloride no
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reaction could be observed.
Reaction of p-nitrobenzoyl chloride with m-xylene in the presence of
iron pentacarbon_yl
p-Nitrobenzoyl chloride (5 g, 0.027 mol) and iron penta-
carbonyl (6.9 g, 0.035 mol) in m-xylene (60 ml) were heated under
nitrogen atmosphere in an oil bath at 140° overnight. The mixture
was allowed to cool to room tempo and filtered removal of the
solvent afforded yellow solid which upon recrystallization gave
4-nitro-2',4'-dimethylbenzophenone (1.9 g, 27.6%), mop. 87-88°
(lit.33 88°).
Reaction of benzoyl chloride with anisole in the presence or iron
pentacarbonyl
Benzoyl chloride (5 g, 0.036 mol) and iron pentacarbonyl (9.1
g, 0.046 mol) in anisole (60 ml) were heated under nitrogen atmo-
sphere in an oil bath at 140° for two days. The mixture was allowed
to cool to room temp. and filtered evaporation of the filtrate in
vacuo gave a yellow solid to which hexane/benzene (3:1) (100 ml)
was added. The undissolved solid was separated and recrystallized from
ethanol which afforded colorless crystals of 4-methoxybenzophenone
1.6 g), m.P. 59-62° (lit. 34 61-62°). The filtrate was concentrated
and chromatographed on silica gel using hexane/benzene (3:1) as
eluent. The first band gave triarylmethane (1.4 g, 12.9%) the
second band gave 1,2-diphenyl-1,2-di-(4-met.hoxyphenyl)ethylene
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(0.31 g, 4.4%), Ll. p. 183-205° (lit. 185-187'): Vmax (KBr)1605,
1500, 1430 cm-1 (CDC13) 6.45-7.20 (18H, in, ArH), 3.66 (6H, s,
ArOCH3) /e 392 (M+), 196 (M++/2) and the third band gave 4-
methoxybenzophenone (2.6 g, total 55.7%). Fractional recrystallization
of the triarYlmethanes gave 2,4'-dimethoxytriphenylmethane (0.35 g, 3.2%),
m.p. 91-93° max (KBr) 1485, 1455, 1270 cm 1 S(CC14) 6.62-7035
(13H, m) ArH), 5.78 (1H, s, Ar3CH), 3.68 (,3H, s, ArOCH3), 3.12 (3H)
s, ArOCH 3) We 304 (M+), 273 (M+-0CH3), 227 (M+-C6H5), 197 (M+-
C7H70), 91 (C7H7+), 77 (C6H5+) and 4,4'-dimethoxytriphenylmethane
as the less soluble fraction (1.05 g, 907%), m.p. 101.5-103° (lit.24
100°) max (KBr) 2980, 2870, 1610, 1500, 1450 cm 1 5(CC1 4) 6.60-7.25
(13H, in, ArH), 5.36 (1H, s, Ar 3 CH)2 3.75 (6H, s, ArCH3) We 304
(M+), 273 (M+-0CH), 3 227 (M+-C6H5, 197 (M+-C7H70)) 91 (C7H7+),
77 (C6H5+).
Reaction of p bromobenzoyl cnloriae wain aniso.ie in une presence u.i
iron pentacarbonyl
p-Bromobenzoyl chloride (5 g, 0.023 mol) and iron pentacarbonyl
(5.8 g, 0.030 mol) in anisole (60 ml)were allowed to react and to
work up in the same manner as that for benzoyl chloride products
obtained: 4-bromo-4'-methoxybenzophenone (609 g, 66.8%, m.p. 158-159°,
(lit.35 159°) and 1,2-di-(4_bromophenyl)-l,2-di-(4-methoxYphefn )ethylene
(0,48 g, 7.7%), m. p.* 200-203°Vmax (KBr) 3020,2970,2850,1600,1500,
1480 cm-1 (CDC 1 3) 6. 46-7.20 (16H, m, ArH), 3.28 (6H, s. ArOCH3)
m/e 552 (M++4), 550 (M++2), 548 (M+), 276 (.(M+++4)/2), 275 ((M+++2)/2),
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274 (!/2).
.Reaction of p methylbenzoyl chloride with anisole in the presence of
iron pentacarbonyl
p-Methylbenzoyl chloride (5 g, 0.032 mol) and iron pen-tacaroonyl
(8.2 g, 0.042 mol) in anisole (60 ml) were allowed to react and to
work up in the same manner as that for benzoyl chloride products
obtained: 4-methoxy-4-methylbenzophenone (3.7 g) 50.6%), m.p. 90-
92° (lit.36 92°) and a mixture of 4,4'-dimethoxy-4-methyltriphenyl-
methane .2,4'-dimethoxy-4-methyltriphenylmethane (0.27 g, 2.6%),
m.p. 105-127° )fmax (KBr) 1490, 1460, 1240 cm 1 S (CDCl 3) 6.65-7.20
(12H, m, ArH), 5.78 (1H, S, Ar3CH), 3.65 3.70 (6H, 2s, ArOCH3),
2.26 (3H, s, ArCH3) and 1,2-di-(4-methylphenyl)-1,2-di-(4-methoxy-
phenyl)ethylene (0.43 g, 6.3%), m.p. 147-163° fmax(KBr) 3060, 2980,
1615, 1515 cm-1 WC14) 6.30-6.80 (12H, m, ArH), 3.68 (6H, s, ArOCH3),
2.18 (6H, s, ArCH,-,) m/e 420 (M+), 210 (M++/2).
Reaction of r-methoxybenzoyl chloride with anisole in the presence of
iron pentacarbon_yl
p-Methoxybenzoyl chloride (5 g, 0.030 mol) and iron penta-
carbonyl (7.5 g, 0.038 mol) in anisole (60 ml.) were allowed to react
and to work up as that for benzoyl chloride products obtained: 4,4'-
dimethoxybenzophenone (3.2 g, 45.1`0), m.p. 144-146° (lit.37 144-145°)
and tetrakis-p-methoxyphenylethylene (0.49 g, 7,4%), m.p. 187-189°
(lit.27 184.5-186°)I fm7v\/ (KBr) 3030, 2970, 2860, 16051 1500 cm 1
I
S(Ccl 4) 6.38-6.86 (12H, m, ArH), 3.65 (12H, s, Ar0CH3) m/e 452 (M+),
226 (hi++/2).
Reaction of p-nitrobenzoyl chloride with anisole in the Presence of
iron pentacarbonyl
p-Nitrobenzoyl chloride (5 g, 0.027 mol) and iron pentacarbonyl
(6a7 g, 0,035 mol) in anisole (60 ml) were heated under N2 atmosphere
in an oil bath at 140 0 for two days. The mixture was cooled and
filtered removal of solvent in vacuo yielded yellow solid which
upon recrystallization from ethanol gave orange crystals of 4--nitro-
4'_mPt.hnxvbenzoDhenone (l.9 a, 27.8%), m.p. 123° (lit.38 122-123°).
Reaction of benzoyl chloride with iron pentacarbonyl in aromoaenzene
Benzoyl chloride (5 g, 0.036 mol) and iron pentacarbonyl (9.1
g, 0.046 mol) in bromobenzene (50 ml) were heated under nitrogen
atmosphere in an oil bath at 140 0 for two days. The mixture was
cooled to room temp. and filtered removal of solvent in vacuo
yielded brown solid which was chromatographed on silica gel using
hexane/benzene (1:1) as eluent. The first band gave trans-p(,0('--stilbene-
diol dibenzoate (1.9 g, 51.0%), m.p. 190-1910(lit.29 189°) (Found:
i
C, 80.16 H, 4.68%. Calc. for C28H2004 C, 7998 H, 4.79 0, 15.22%)
jfmax (KBr) 1740 (C=O) CM-1 S (CDC 13) 7.25-8.25 (20H, in, ArH) /e
420 (M+), 299 (M+-C7H502), 121 (C7H502+), 105 (C7H50), 77 (C6H5+)
and the second band gave cis-J, stilbenediol dibenzoate (0.17 g) 4.5%),
m.p. 160-161° 29 159°) (Found: C, 80.19 H, 4.81%. Calc. for
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C28H2004 C, 79.98 H, 4.79 0, 15022%) )max(KBr) 1730 (C=O) cm l
S(CDCl 3) 7015-8.14 (20H, m, ArH) We 420 (M+), 299 (M+-C7I-i502),
105 (C7HC 0+), 77 (C7H5+) 0
Hydrolysis of trans-d o(' stilbenediol dibenzoate
A mixture of trans- c(,dLstilbenediol dibenzoate (0.5 g, 0.0012 mol),
methanol (5 ml) and sodium hydroxide solution (4%, 5 ml) were heated
in a steam bath overnight. The solution was diluted with water (10
ml) and was extracted with ether (3 x 10 ml) the ether extracts
were combined and dried. Removal of solvent and recrystallization
of the residue from hexane gave benzoin (0.22 g, 89.3%), m.p. 130-
132°. Acidification of the aqueous solution with conc. hydrochloric
acid gave white precipitate which was-collected and recrystallized
from water to yield benzoic acid (0.22 g, 88%), m.p. 120-122°.
Reaction of benzoyl chloride with iron pentacarbonyl in chlorobenzene
Benzoyl chloride.(5 g, 0.036 mol) and iron pentacarbonyl (9.1
g) 0.046 mol) in chlorobenzene (50 ml) were allowed to react and to
work up in the same manner as that for bromobenzene product obtained:
trans-,' -stilbenediol dibenzoate (0.46-g, 12.4%).
Reaction of benzoyl chloride with iron pentacarbonyl in iodobenzene
Benzoyl chloride (5 g, 0.036 mol) and iron pentacarbonyl (9.1
g, 0.046 mol) in iodobenzene (50 ml) were allowed to react and to
work up in the same manner as that for bromobenzene products-
obtained: trans-p-p_stilbenediol dibenzoate (2.0 g, 52.8%o) and cis
p-p-stilbenediol dibenzoate (0.19 g, 5.2%).
Reaction of benzoyl chloride with iron pentacarbonyl in petrolemn
ether (b.po 145-155°)
Benzoyl chloride (5 g, 0.036 mol) and iron pentacarbonyl (901
g, 0.046 mol) in petrolemn ether (50 ml) were allowed to react and
to work up in the same manner as that for bromobenzene only benzoic
anhydride was obtained (0.16 g, 4o9%), m.p. 410.
Reaction of benzophenone with m-xylene in the presence of iron
pentacarbonvl
Benzophenone (5 g, 0.027 mol) and iron pentacarbonyl (7.0 g,
0.036 mol) in m-xylene (60 ml) were heated under N2 atmosphere in an oil
bath at 1400 for two days. The mixture was cooled to room temp. and
filtered after evaporation of the filtrate in vacuo, only benzo-
phenone was recovered (4.2 g, 84%). No reaction occurredo
Reaction of triphenylmethanol with benzoyl chlor de and m-xylem
in the presence of iron pentacarbonyl
Triphenylmethanol (3.7 g, 0.014 mol), benzoyl chloride (2 g,
0.014 mol) and iron pentacarbonyl (3.6 g, 0.026 mol) in m-xylene
(30 ml) were heated under nitrogen atmosphere in an oil bath at
1400 for two days. The mixture was allowed to cool to room temp.
and filtered. After removal of solvent in vacuo, hexane was added
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to the resulting residue the insoluble solid was recrystallized
from ethanol to give triphenylmethane (100 g, 30%), m.p. 92-94°
Reaction of benzaldehyde with m-xylene in the presence of iron
pentacarbonyl
.'Benzoyl chloride (5 g, 0.036 mol), benzaldehyde (3.8 g, 0.036
mol) and iron pentacarbonyl, (901 g, 0.046 mol) in m-xylene (65 ml)
were heated under nitrogen atmosphere in an oil bath at 1400 for
two days. The mixture was cooled to room temp. and filtered
evaporation of the filtrate in vacuo gave an oil which was dissolved
in carbon tetrachloride (100 ml),:and the solution was washed with
water (2 x 100 ml), sodium hydroxide, (10%, 2 x 100 ml) and water
again (2 x 100 ml), and dried over'magnesium sulphate. Removal of
the solvent and chromatograph of the residue.-on silica gel column
using hexane/benzene (4:1) as the eluent gave compound 1 302 g, 30%)
and compound 2 plus compound 3 (208 g, 40%). (The percentage yields
were based on benzoyl chloride only.
Reaction of benzaldehyde with p--bromobenzoyl chlorine and m x iene.
in the presence of iron pentacarbonyl
p-Bromobenzoyl chloride (5 g, 0.023 mol), benzaldehyde (2.4 g,
0.023 mol) and iron pentacarbonyl (5.8 g, 0.030 mol) in m-xylene
(65 ml) were heated under nitrogen atmosphere in an oil bath at
1400 for two days. The products were separated and purified according
to the procedure described above and obtained compound 1 (1.9 g)
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28%) and compound 2 plus compound 3 (1.9 g, 42%).
Reaction of p-chlorobenzaldehyde with benzoyl chloride and m-xylene
in the presence of iron pentaca onyl
Benzoyl chloride (5 g, 0.036 mol) and p-chlorobenzaldehyde (5
g) 0.036 mol) and iron pentacarbonyl (9.1 g, 0.046 mol) in m-xylene
(70 ml) were allowed to react and to work up in the same manner as
that for benzaldehyde and benzoyl chloride, which gave 4-chloro-2',
211,4',4-tetramethyltriphen_ylmethane (504 g, 45%), m.p. 150-151°
(Found: C, 82.47 H, 6.94%. C23H23C1 requires C, 82.49 H, 6.92 Cl,
10.59%) j/max (KBr) 3020, 3000, 2940, 2880, 1485, 1450 cm1 5 (CDC13)6.45-7.25 (10H,-m, ArH), 5.52 (1H, S, Ar3CH), 2.15 (6H, s, ArCH3),
2.08 (6H, s, ArCH) m/e 3 336 (M++2), 334 (M+), 231 (M++2-C8H9),
229 (11+-C 8 H9), 223 (M+-C 6 H 4 C1) and 1, 2-di-(4-chlorophenyl)-1,2 2-di-
(2,4-xy1y1)ethane (206 g, 32%) (The stereoisomers could not be
separated) m.po 186-213° (Found: C, 78030 H, 6.33%. C30H28C12
requires C, 78.42 H, 6.14 Cl, 15.43%) Imax(KBr) 3020, 2880, 1490
cm-1 S(CDC1) 6.62-7,18 (1411, m, ArH), 4.60 4.82,('.2H, 2s, Ar2CH),
2,02 2015 (12H, 2s, ArCH3) We molecular ion could not be
observed, 231 (M++4-C 15 H 14 Cl), 229 (M+rC1511 14 C1).
Reaction of benzaldehyde with benzoyl chloride in m-xylene
Benzoyl chloride (5.0 g, 0.036 mol) and benzaldehyde (3.8 g,
0.036 mol) in m-xylene (60 ml) were allowed to react and to work up
in the same manner as that described above and obtained compound 1
(7.9 g, 74r') as the sole product,
Reaction of benzaldehyde with benzoic acid in m-xylene
Benzaldehyde (2 g, 0.0189 mol) and benzoic acid (2.3 g, 0.0189
mol) in m-xylene (30 ml) were allowed to react and to work up in the
same manner as that described above and obtained compound 1 (4.0 g,
72%).
Preparation of diphenylmethanol
Bromobenzene (14.8 g) in dry ether (100 ml) was added (10 ml)
to magnesium turning (2.3 g) under nitrogen atmosphere when the
reaction started, the remain bromobenz.ene solution was added slowly
and the mixture was stirred until all the magnesium disappeared.
Benzaldehyde (10 g) in dry ether (100 ml) was added slowly to the
mixture which was stirred for two hr. and then hydrolyzed by water
(20 ml). The mixture was,,filtered and the filtrate was washed with
water (2 x 100 ml). After removal of solvent, the residue was
recrystallized from ligroin to give diphenylmethanol (14.8 g, 850,
M.P. 67-68°,(lit.39 69°).
Reaction of diphenylmethanol with benzoyl chloride in m-xylene
Benzoyl chloride (2 g, 0.014 mol) and diphenylmethanol (2.6 g,
0.0142 mol) in m-xylene (35 ml) were heated under nitrogen atmosphere
in an oil bath at 1400 for two days. The mixture was cooled to room
temp. and washed with water (2 x 100 ml), sodium hydroxide (10%, 2 x
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100 ml) and water again (2 x 100 ml). The solution was dried over
magnesium sulphate and evaporated in vacuo. The residue was re-
crystallized from ethanol to give 2,4-dimethyltriphenylmethane
(3.0 g, 77%), mopo 58-60°,(lito40 60--610).
Reaction of diphenylmethanol with m-xylene and benzoyl chloride in
the presence of iron pentacarbonyl
Diphenylmethanol (6.5 g, 0.035 mol), benzoyl chloride (5 g,
0.036 mol) and iron pentacarbonyl (90l g, 0.046 mol) were heated
under nitrogen atmosphere in an oil bath at 140 0 for two days. The.
mixture was cooled to room temp. and filtered evaporation of the
filtrate in vacuo gave an oil which was dissolved in carbon tetra-
chloride (100 ml) and the solution was washed with water (2 x 100
ml) sodium hydroxide (100, 2 x 100 ml) and water again (2 x 100 ml)sodium hydroxide (10%, 2 *100ml)and water ag
and dried over magnesium sulphated Removal of the solvent and
chromatograph of the residue on a silica gel column using hexane/
benzene (4:1) as eluent gave 2,4-dimethyltriphenylmethane (3.1 g, 32%)
and tetraphenylethane (2.1 g, 45%), m.p. 213-215°,(lit.41 214-215°).
Reaction of diphenylmethanol with m-xylene anu oenzoic acia in une
presence of iron pentacarbonyl
Diphenylmethanol (5 g, 0.027 mol), benzoic acid (._3.3 g, 00027
molO and iron pentacarbonyl .609 g, 0.035 mol) in m-xylene (60 ml)
were allowed to react and to work up in the same manner as that





p-Bromotoluene (20 g) in dry ether (150 ml) was added (10 ml) to
ilia gnesiuni turning (3.1 g) under nitrogen atmosphere at room temp..
When the reaction started, the p-bromotoluene solution was added
slowly into the reaction mixture which was stirred until the
magnesium disappeared. Deuterium oxide (5 ml) was added and the
solution was stirred for two hr. The mixture was washed with water
and dried over magnesium sulphate. Fractional distillation gave
the second fraction as 4-toluene-d1 (7.2 g, 65.9%), bop. 108°.
Preparation of 4-benzoic acid-d1
4-Toluene-d 1 (5 g, 0.029 mol) and potassium permanganate (7.6
g, 0.088 mol) in water (80 ml) were heated slowly with stirring to
boiling until the colour of the permanganate disappeared. The mixture
was distilled until no more oil distilled over with water. The hot
residue was filtered with suction and the cake of hydrated manganese
dioxide was washed with water (2 x 10 ml). The volume of the combined
filtrate was concentrated to about 30 ml. The solution was acidified
with conc. hydrochloric acid (5 ml) to give a white precipitate which
was recrystallized from water to yield 4-benzoic acid-dl (5.4 g,
81.4%, m.p. 121-122 .
Preparation of 4-benzoyl chloride-d 1
Thionyl chloride (2.9 g, 0.028 mol) and 4-benzoic acid-d1 (2.0
g, 0.016 mol) were heated on a water bath for four hr. Removal of
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the excess thionyl chloride followed by vacuum distillation gave
4-benzoyl chloride-di (2.0 g, 89.1%).
Reaction 4-benzoyl chloride-d1 with iron pentacarbonyl in bromo-
benzene
4-Benzoyl chloride-d1 (2 g, 0.014 mol) and iron pentacarbonyl
(306 g, 0.018 mol) in bromobenzene (30 ml) were heated under
nitrogen atmosphere in an oil bath at 1400 for two days. The mixture
was cooled to room temp. and filtered. Removal of solvent in vacuo
yielded a brown solid which upon recrystallization from benzene
gave p-trans-- J,' --stilbenediol dibenzoate-d 4 (0.7 g, 47%), m. p. 189--190°,
,lit. 29 189°). Removal of the benzene from the mother liquor gave the
residue which was recrystallized from ethanol to yield p-cis-o(,c1'-
stilbenediol dibenzoate-d4 (0.07 g, 5%), m.p. 160° (lit.29 159°).
Reaction of benzil with benzoyl chloride and iron pentacarbonyl in
m-xylene
Benzoyl chloride (5 g, 0,036 mol), benzil (3.7 g, 0.018 mol)
and iron pentacarbonyl (9.1 g, 00046 mol) in -m- xylene (65: ml) were
allowed to react and to work up in the same manner as that described
above and trans-o1, cL -stilbenediol dibenzoate (1.5 g, 41/66) and cis--




2. 1, 2- diphenyl-1, 2-di-(2, 4-xylyl) ethane (2) 60
3. 1, 2-diphenyl-1, 2-di-(2, 4-xylyl) ethane (3) 61
4. 1,2-diphenyl-1,2-di-(2,5-xylyl)ethane 62
5. 3,31,4,4'-tetramethyltriphenylmethane 63
6. 1, 2-diphenyl-1, 2-di-(3, 4-xylyl) ethane 64
7. 1, 2-diphenyl-1, 2-di-(2, 4, 6-mesityl) ethane 65
8. 4-bromophenyl-di-(2, 4-xylyl)methane 66
9. 1, 2-di-(4-bromophenyl)-l, 2-di-(2, 4-xylyl) ethane 67
10. 4-methylphenyl-di-(2, 4--xylyl)methane 68
11. 1, 2-di-(4-methylphenyl-1, 2-di-(2, 4--xylyl) ethane 69
12. 1, 2-di--(4-methoxyphenyl)-l, 2-di-(2,4-xylyl) ethane 70
(low melting isomer)
13. 1, 2-di-(4-methoxyphenyl)-1, 2-di-(2,4-xylyl).ethane 71
(high melting isomer)
14. 2, 4' -dimethoxytriphenylmethane 72
15. 4, 4' -dimethoxytriphenylmethane. 73
16. 1, 2-diphenyl-1, 2-di-(4-methoxyphenyl) ethylene 74
17. 1, 2-di-(4-bromophenyl)-1, 2-di-(4-methoxyphenyl) ethylene -75
18. 2, 4' -dimethoxy-4-methyltriphenylmethane & 76
4, 4 -d.imethoxy-4-m ethyltriphenylmethane (mixture)
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19. 1, 2-di-(4-methylphenyl)-1, 2-di-(4-methoxyphenyl) ethylene -77
20. tetrakis-p-methoxyphenylethylene
78
21. trans- -stilbenediol dibenzoate
79




24. 1, 2-di-(4--chlorophenyl)-1, 2-di-(2,4-xylyl )ethane
82
25. p-trans- -stilbenediol dibenzoate-d4
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9 8 1 6 5 4 6 2 1 ppm
Fig.l. The nmr spectrum of 2?2',4,4'-tetramethyltriphenylmethane (l)«
I hP
_CH3 |]| i
H3C Q)— —c —(Q-ch3 r
PP H ch3 ; !'
Solvent: CC1
4
9 8 7 6 5 ~ 4 3 2 1 p;:ni
It
Fig.2. The nmr spectrum of 1,2-diphenyl-l,2-di-(2,4-xylyl)ethane (2).
(low melting isomer)
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Fig.3. The nmr spectrum of 1,2-diphenyl-l,2-di-(2,4-xylyl)ethane (3).
(high melting isomer)
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9 8 7 6 5 4 3 2 1
Fig.8. The nmr spectrum of 4-bromophenyl-di-(2,4-xylyl)methane.
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Solvent: CCl4
9 8 7 6 5 4 3 2 1




9 8 7 6 5 4 3 2 1
Fig.10. The nmr spectrum of 4-methylphenyyl-di-(2, 4-xylyl )methane.
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Solvent: UDG1I,
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Fig.13. The nnir spectrum of 1,2-di-(4-methoxyphenyl)-1,2-di—(2,4-xylyl)ethane.
(high melting isomer)
Solvent: CCl4
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t
Fig.15. The nrnr spectrum of 4,4'-dimethoxytriphenylmethane.
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Solvent: CDCl3
9 8 7 6 5 4 3 2 1
Fig.1G. The nmr spectrum of 1, 2-c iphenyl-1, 2-di-(4-methoxyphenyl) ethylene.
(mixture of isomers)
Br -FJ : : JBr: : '
C = C ; -
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H3CO NDCH3
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Fig. 21. The nmr spectrum of trans-cjo' -stilbenediol dihenzoate.
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Solvent: CDCl3
9 8 1 6 5 4 3 2 1
Figo22. The niur spectrum of cis- , 'stilbenediol dibenzoate.
15
Ta11P 4_?_ Stability constants logkdof ACAC,BAC and DBM toward Hand Fe ions
stability: constantstability constantsolvent composition
75%Q 50%Co) 'H,,0 k1k2k3k1k2klklk2k1
118.8c(0)
26.2` (0)13.,00b 98C(0)6.99bACAC 1 1 10.70°.(.1) 9.7(.1) 8.94(0)
8.67c (0)l9.71 5.07 (0)8.9512.70
9.71C(75%( 18.19' (75%10)) o
13.9807.09b10.40b(.1) 9.8(.1) 9.3(0)BAC
13.98b7,19b10..30b(.1)DBM
( All the stability constants except those with a superscript'c' are taken from Martell
and Calvin's Chemistry of Metal Chelate Compounds. 1964, p542.)
a: Unless otherwise stated.. the logks listed are the equilibrium formation constants
for 1:1 chelates. The chelating agents are taken as the specimens from which all ion-
izable protons have been removed.
b: Value corrected to'pure aqueous solution.
c: Stability constant measured-at 30 0C, taken from Stability Constants,Special publi-
cation no. 17, published by Chemical Society, London, 1964, pp. 444-5.
(): value bracketed refers to the ionic strength.
Solvent: CDCl„
9 8 7 6 5 4 3 2 1 PM






r :.. - - Solvent: CDC1 .. L-i.:
: ........ : .. : j 3 . ; !-: ; J:}
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Fig.25. The nmr spectrum of p-trans-p,'-stilbenediol dibenzoate-d.
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